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Introduction {#sec005}
============

Parkinson's disease (PD) is the second most common neurodegenerative disorder after Alzheimer's disease and its prevalence will continue to grow as the population ages. More than one million people are diagnosed with PD in Europe and up to 5 million worldwide \[[@pone.0145310.ref001]\]. The prevalence increases with age, affecting approximately 1% of those aged 60 years or older, 4% or more of those aged 80 years or older and approximately 5.2% of those in nursing homes \[[@pone.0145310.ref001]\]. Given the growing elderly population in Europe, this number is forecast to double by 2030 \[[@pone.0145310.ref002]\]. The last studies performed in Spain have calculated a prevalence of PD between 161-270/100,000 inhabitants, giving a total of 160,000 patients \[[@pone.0145310.ref003]\].

PD symptoms can be classified as motor or non-motor. The first includes tremor, rigidity, bradykinesia and postural instability. Non-motor symptoms are varied, such as loss of taste and sense of smell, sleep disturbances, gastrointestinal complications, constipation, swallowing problems, anxiety, pain, fatigue, depression, sexual dysfunction, hallucinations and psychosis, impulse control disorders, cognitive impairment and dementia \[[@pone.0145310.ref004]\].

The economic impact of the disease is enormous. In 2011, the annual European cost was estimated at €13.9 billion, and it is known to increase with the progression of the disease \[[@pone.0145310.ref005]\]. In Germany, disease total cost in 2010 varied from €18,660 for mild disease to €31,660 for moderate and severe PD \[[@pone.0145310.ref006]\]. UK 2011 figures supports this view, indicating that moderate and severe disease can cost up to €72,277 per person \[[@pone.0145310.ref007]\]. Total costs can be divided in direct, which include consultations, hospital admissions, pharmacologic treatment, among others; indirect costs, including early retirement and loss of productivity due to disability; and intangible costs, including dependency, physiological effects, pain, etc. \[[@pone.0145310.ref008], [@pone.0145310.ref009]\].

Both motor- and non-motor symptoms can result on hospitalizations, which causes an increase of healthcare resources utilization and a significant escalation of economic burden, as well as augmentation of indirect costs because of its relation with patient's disability, which can affect work productivity of both patient and caregivers. Moreover, non-motor symptoms impair patients' quality of life, which relates to intangible costs \[[@pone.0145310.ref010]\].

Advanced PD is associated with increased cost and decreased health related quality of life (HRQoL) \[[@pone.0145310.ref009]\]. Slowing disease progression through specific neuro-protective mechanisms, such as effective drug treatments in combinations with efficient and safe therapeutic interventions may result in less need for care, which in turn can translate into reduced associated costs and improved HRQoL for patients and caregivers \[[@pone.0145310.ref011], [@pone.0145310.ref012]\].

Several publications have analyzed the economic burden of PD in Europe \[[@pone.0145310.ref005], [@pone.0145310.ref006], [@pone.0145310.ref007]\] but none has estimated longitudinal costs variations in relation to disease severity, symptoms or HRQoL, information much needed for reckoning how medical spending occurs throughout the natural history of the disease. This study aim was to estimate the magnitude in which disease symptoms and HRQoL determined the direct and indirect costs of Parkinson over a 4-year period.

Materials and Methods {#sec006}
=====================

Study Design {#sec007}
------------

This costs study is part of the observational, cross sectional, multicenter, nationwide, longitudinal ELEP study (Longitudinal Parkinson\'s Disease Patient Study -Estudio Longitudinal de Pacientes con Enfermedad de Parkinson). ELEP aimed at describing the course of PD motor and non-motor symptoms, its impact on disability and HRQoL impairment, long-term effect of available therapeutics and the impact of the disease among caregivers \[[@pone.0145310.ref013]\].

Participants were included in accordance to the criteria followed by the ELEP study, previously published \[[@pone.0145310.ref013]\]. Briefly, patients were required to be at least 30 years old, diagnosed by a neurologist in accordance with the United Kingdom PD Society Brain Bank (UKPDSBB) criteria \[[@pone.0145310.ref014]\] and provided written consent for their participation. The inclusion of participants was performed in groups of 8, distributed according to sex (female or male), age of PD symptoms onset (younger or older than 60 years old) and disease duration (shorter or longer than 5 years). Patients were excluded if they lack of a stable caregiver or because of any condition that prevented a thorough disease evaluation.

Ethical Aspects {#sec008}
---------------

Both patients and caregivers signed an informed consent to participate in the study. The Institutional Ethical Review Boards of Carlos III Institute of Health and *Princesa* Hospital, Madrid, Spain, approved ELEP study.

Data collection {#sec009}
---------------

During the ELEP study course (2007--2010), data was collected yearly during four consecutive years. Symptoms information was gathered once a year while costs were documented during a 3-month period per year. Data included medical care (physicians visits and supportive care visits; hospital admissions; admissions to rehabilitation institutions and diagnostic procedures), PD related drugs (anti-parkinsonian, antidepressants, anxiolytics, hypnotics, antipsychotic drugs), home medical equipment, complementary/alternative medicine and social services/home assistance as well as employment status information.

Based on resource use and productivity losses, direct and indirect costs were calculated for each year, as the mean 3-month costs per patient. Medical resource unit costs were obtained from the Spanish medical cost database Oblikue \[[@pone.0145310.ref015]\], pharmacy costs from the Spanish college of Pharmaceutics database (Bot Plus Web) \[[@pone.0145310.ref016]\] and the National Health System official tariffs lists \[[@pone.0145310.ref017]\]. Estimates of productivity loss due to sick leave, early retirement and medical visits absences were calculated based on one working day pay established by Spanish 2012 annual minimum inter-professional wage \[[@pone.0145310.ref018]\]. All costs were updated to Euros, October 2012, since statistical analysis were performed by that date.

Taking into consideration the available data on use of concrete medical resources, mean costs were estimated for each individual patient. No methods for handling missing data were applied to these data. For this reason, mean individual cost estimates for the entire population were based on variable sample sizes throughout the analysis.

### Costs data {#sec010}

Direct medical cost included medical assistance, pharmacological expenses and home medical equipment. Medical assistance cost was calculated multiplying the number of medical and paramedical visits, number of emergency room visits, number and duration of admissions, and number of diagnostic procedures performed during 3 months by the respective unit cost \[[@pone.0145310.ref015]\]. Pharmacological expenses costs, comprised anti-parkinsonian drugs and other drugs related to PD, were estimated multiplying the cost of daily medication \[[@pone.0145310.ref016]\] by 90 days (3 months), assuming that patients used the same medication along the study period each year. Home medical equipment covered by the Spanish National Health System was the only proportion of costs considered for the analysis.

Direct non-medical cost included alternative care, home assistance, drugs excluded from the Spanish National Health System and patients' co-payment for special home medical equipment. Alternative care incorporated cost associated to complementary and alternative medicine. It was calculated multiplying the number of visits performed during the 3-month period by the respective unit cost. Home assistance included costs for domestic help,paid by patients or covered by the Spanish National Health System. They were assessed by multiplying the number of weekly hours of home help by the cost per hour of a home help assistant \[[@pone.0145310.ref017]\] by 12 weeks, assuming that the patient required domestic help with the same regularity along the observation period. Drugs excluded from the Spanish National Health System included drugs not listed in the national reimbursement drug list and over the counter drugs (OTC) related to PD. This cost was estimated by multiplying the cost of daily medication \[[@pone.0145310.ref015]\] by 90 days, assuming that patients used the same medication in the same administration basis over the three-month period each year.

Indirect costs related to patient's productivity loss included sick leave, early retirement and work absences due to medical visits. Costs related to unemployment funds were not considered. Sick leaves involved the number of working days that the patient lost due to PD. It was calculated multiplying the number of days over the 3-month period by the cost of one working day \[[@pone.0145310.ref018]\]. Early retirement covered productivity loss caused by premature retirement. It was calculated only for patients younger than 65 years old (official retirement age) at the time of study entry multiplying the monthly minimum inter-professional wage \[[@pone.0145310.ref018]\] by 3 months. To calculate the productivity loss due to medical visits, only employed patients were considered. The number of medical visits reported was multiplied by the cost of half working day (4 hours) \[[@pone.0145310.ref018]\], assuming that, for attending a medical visit, each patient needed up to 4 hours.

Indirect cost related to informal care included informal care, patient personal care, domestic help and caregiver productivity loss due to medical visits. Informal care was defined as unpaid help provided by family members or friends. To estimate these costs, the replacement valuation method was used (cost of buying a similar amount of services from the formal care sector) \[[@pone.0145310.ref019]\]. Patient's personal care cost was assessed by multiplying the number of weekly hours of patient's care spend by caregiver by 12 (3 months) and by the minimum cost of one hour of nursing assistant, based on the official tariff list \[[@pone.0145310.ref017]\], assuming that a patient required regular personal care over the period of observation. Since there was no confirmation that the payments made to caregivers were the same as those in the official tariff lists and to avoid cost overestimation, the minimum cost of nursing assistant was used \[[@pone.0145310.ref019]\]. Cost of domestic help was established multiplying the number of weekly hours spent by the caregiver in domestic help by the minimum cost of a domestic help assistant based on the official tariff list \[[@pone.0145310.ref017]\], and multiplying it by 12 (3-month). To calculate the productivity loss for caregivers, it was assumed that caregivers spent 4 hours to take PD patients to medical visits. The caregiver's productivity loss was estimated by multiplying the number of patients' medical visits reported by 4 hours and by the cost of half working day of a domestic help assistant, based on the official tariff list \[[@pone.0145310.ref017]\].

### Clinical data {#sec011}

In addition, clinical and follow up information was also collected by a complete medical and neurological examination performed yearly during the duration of the study. The severity of the disease was measured using the Hoehn and Yahr (HY) staging, which combines motor signs distribution, disability degree, and mobility deterioration. This tool clinically classifies patients into six possible stages from 0 (no signs of disease) to V (needing a wheelchair or bedridden unless assisted), and merges it into 3 categories, mild (HY I and II), moderate (HY III) and severe (HY IV and V) \[[@pone.0145310.ref020]\].

The SCales for Outcomes in PArkinson\'s disease--Motor (SCOPA-Motor) is a 21-item instrument, divided in three subscales: motor examination (10-item), activities of daily living (ADL) (7-item) and motor complications (4-item). Item scoring ranges from 0 (normal) to 3 (severe) and a total score from 0 to 75, because four items are scored bilaterally.

Pain was measured using two visual analog scales (VAS), one for intensity and one for frequency of the pain. Both VAS were self-administered by the patient. Scoring ranges from 0 (absence of pain) to 100 (maximum intensity/frequency possible). Total pain score was obtained by multiplying intensity by frequency individual results and dividing it by 100. A VAS scale measured fatigue, which scores ranges from 0 (absence of fatigue) to 100 (worse fatigue possible).

Hospital Anxiety and Depression Scale (HADS) contains 14 items grouped into two dimensions, anxiety and depression. Each item score ranges from 0 (no problem) to 3 (severe problem). The maximum score is 21 for each dimension, being 7 the score above which depression or anxiety are identified. Psychiatric complications were measured using the Parkinson's Psychiatric Rating Scale (PPRS), a scale designed for the assessment of specific symptoms related to levodopa induced psychosis severity in PD patients. It accounts for 6-item scoring from 1 (without symptoms) to 4 (extreme symptoms), being 6--24 the total possible score range.

SCOPA--Psychosocial (SCOPA-PS) is an 11-item specific self-assessment to measure the psychosocial impact of PD. Item scores range from 0 (not at all) to 3 (very much), providing a summary index by transforming the total sum to a percentage of the maximum possible score (33-point). SCOPA--Sleep is made of two subscales. The nocturnal sleep subscale includes 5-items scoring from 0 (not at all) to 3 (a lot), being 15 the maximum total score. The daytime sleepiness subscale includes 6-items which scores ranges from 0 (never) to 3 (often) being the maximum score 18. In addition, a question regarding overall quality of nocturnal sleep, scoring from 1 (very well) to 7 (very badly) is included.

SCOPA--AUTonomic (SCOPA-AUT) is a 23-item scale designed to assess autonomic dysfunction in different areas: gastrointestinal (7-item), urinary (6-item), cardiovascular (3-item), thermoregulatory dysfunction (4-item), pupillo-motor dysfunction (1-item) and sexual dysfunction (2-item for men and 2-item for women). Each item scores ranges from 0 (never) to 3 (frequently) giving a total score range from 0 to 69. Scales for Outcomes in Parkinson's disease-cognitive (SCOPA-COG), used to evaluate the cognitive status of Parkinson's patients, includes 10-item grouped into four domains, namely, attention, memory and learning, executive functions and vision-spatial functions. The total score ranges from 0 to 43, higher score reflect better cognitive performance.

The EQ-5D is a generic HRQoL measure that specifically addresses health status through three main components: descriptive system formed by 5-item, scoring from 1 (no problems or symptoms) to 3 (serious problems or symptoms), a question about change in health status in the preceding 12-month, scoring from 1 (better) to 3 (worse), and a visual analog scale (EQ-VAS) to assess current health status, scoring from 0 (worse imaginable) to 100 (best imaginable). Score profiles for the descriptive part can be converted into an index ranging from 0 (death) to 1 (perfect health), with negative values indicating states worse than death.

In case of missing data in one scale/subscale, it was substituted by the average of answered items in the same scale/subscale provided that the total lost information did not surpass 25%. If the amount of unanswered items in one scale outstripped 25% of the total of items, the scale results were considered as missing data.

Data Analysis {#sec012}
-------------

Descriptive analysis were carried out for all variables, including mean and standard deviation (SD) and range (min-max), and median and range calculations for quantitative variables, and percentage for qualitative ones. With the goal of linking together the clinical evaluations with the 4-year generated costs, linear mixed models were performed analyzing the total, direct and indirect costs based on symptoms, and HRQoL, measured with the previously described scales, using Software R \[[@pone.0145310.ref021]\] and the statistical package *nlm*e \[[@pone.0145310.ref022]\]. Total, direct and indirect costs were considered dependent variables and symptoms (motor, non-motor) and HRQoL measured with SCOPA-Motor, pain VAS, fatigue VAS, HADS, PPRS, SCOPA-PS, SCOPA--Sleep, SCOPA-AUT, SCOPA-COG and EQ-5D, as explanatory ones. Only questionnaires with at least 75% of used scales information as well as costs and use of resources of the 4 years of study were included.

A linear mixed model is a parametric linear model for clustered, longitudinal or repeated measures data that qualifies the relationships between a continuous dependent variable and various predictor variables. It provides a linear function of a group of co-variables that estimate the dependent variable and its dependence over time as a fixed effect. Unlike the classic linear regressions, mixed models accounts for repeated observations on each subject over time, because it allows a wide variety of correlation patterns to be explicitly modeled \[[@pone.0145310.ref022]\].

An important fact to be considered in any statistical regression model is the elimination of observations that, for some unknown reason, disagree with the others and may exert a great influence on the model. To do so, residuals were used to detect deviations from the fitted model against the observed. Raw residuals are defined as the difference between the observed values and the ones predicted by the model. From these raw residuals, other residuals can be defined, the standardized or Pearson residuals (raw residuals divided by the corresponding standard errors). The R functions included in the *nlme* package provided diagnostic plots, using Pearson residuals. Observations with high residuals can distort the results and the accuracy of the regression, so, those observations were removed from the data set and substituted by the sample mean.

Results {#sec013}
=======

Patient's demographics and clinical characteristics {#sec014}
---------------------------------------------------

One hundred and seventy four patients from the ELEP cohort were included in the analysis. Half of patients were male (50%). At time of inclusion, the participant's mean (SD) age was 63 (11) and the mean (SD) disease duration was 8 years (6). The majority of patients had primary education, were married, and lived in urban areas at home and did not belonged to any PD patients association during the follow up period. More than 90% of the participants did not undergo surgery for their Parkinson condition. In those subjects who received a surgical procedure, bilateral sub-thalamic stimulation was the most common one (6.3%). Most patients (83.2%) were inactive workers. The number of patients requiring early retirement increased from year 1 (28.9%) to year 4 (33.9%). The proportion of patients with recognized PD-related disability (disability status provided by the Social Services Ministry) increased 17% during the study period ([Table 1](#pone.0145310.t001){ref-type="table"}).

10.1371/journal.pone.0145310.t001

###### Patient's demographics.

![](pone.0145310.t001){#pone.0145310.t001g}

  ------------------------------------------------------------------------------- ------------ ------------ ------------ ------------
  **Mean age, year** [\*](#t001fn001){ref-type="table-fn"}(SD)                    63 (11)                                
  **Mean Parkinson's duration, year** [\*](#t001fn001){ref-type="table-fn"}(SD)   8 (6)                                  
  **Sex** (%)                                                                                                            
  Female                                                                          87 (50)                                
  Male                                                                            87 (50)                                
  **Educational level** (%)                                                                                              
  Primary education                                                               15 (60)                                
  Secondary education or higher                                                   10 (40)                                
                                                                                  **Year 1**   **Year 2**   **Year 3**   **Year 4**
  **Civil status** (%)                                                                                                   
  Married                                                                         141 (81.0)   135 (80.4)   138 (79.3)   136 (78.2)
  Single                                                                          16 (9.2)     16 (9.5)     16 (9.2)     16 (9.2)
  Widowed                                                                         13 (7.5)     14 (8.3)     14 (8.0)     15 (8.6)
  Divorced                                                                        4 (2.3)      3 (1.8)      6 (3.5)      7 (4.0)
  **Place of residence** (%)                                                                                             
  Urban                                                                           143 (82.2)   138 (82.1)   147 (84.5)   146 (83.9)
  Semi urban                                                                      9 (5.2)      9 (5.4)      8 (4.6)      12 (6.9)
  Rural                                                                           22 (12.6)    21 (12.5)    19 (10.9)    16 (9.2)
  **Housing** (%)                                                                                                        
  Institutionalized                                                               2 (1.2)      2 (1.2)      8 (4.6)      5 (2.9)
  Own home                                                                        170 (97.7)   163 (97.0)   164 (94.2)   167 (95.9)
  Other                                                                           2 (1.2)      3 (1.8)      2 (1.2)      2 (1.2)
  **Driving habits** (%)                                                                                                 
  No                                                                              98 (57.0)    99 (58.9)    106 (61.6)   114 (%)
  Yes                                                                             74 (43.0)    69 (41.1)    66 (38.4)    59 (34.1)
  **Belonging to Patient's association** (%)                                                                             
  No                                                                              122 (70.1)   112 (67.1)   106 (60.9)   107 (61.8)
  Yes                                                                             52 (29.9)    55 (32.9)    68 (39.1)    66 (38.2)
  **Surgeries related to Parkinson** (%)                                                                                 
  Without surgery                                                                 161 (92.5)   160 (100)    156 (98.1)   150 (98.0)
  Unilateral sub thalamic stimulation                                             1 (0.6)      0            1 (0.6)      3 (2.0)
  Bilateral sub thalamic stimulation                                              11 (6.3)     0            2 (1.3)      0
  Other unilateral surgery                                                        1 (0.6)      0            0            0
  **Employment status** (%)                                                                                              
  Active worker                                                                   29 (16.8)    22 (12.6)    17 (9.8)     14 (8.0)
  Inactive worker                                                                 144 (83.2)   152 (87.4)   157 (90.2)   160 (92.0)
  Earlier retired due to Parkinson's                                              50 (28.9)    55 (31.6)    57 (32.8)    59 (33.9)
  Sick leave due to Parkinson's                                                   0            0            3 (1.7)      2 (1.1)
  Unemployed                                                                      0            1 (0.6)      1 (0.6)      2 (1.1)
  Illness or disability pensioner                                                 0            32 (18.4)    40 (23.0)    44 (25.3)
  Housewife                                                                       32 (18.5)    37 (21.3)    34 (19.5)    33 (19.0)
  **Disability Status** (%)                                                                                              
  Without disability                                                              64.7         58.7         49.4         48.0
  1--25%                                                                          0.1          0.5          0.5          0.5
  26--50%                                                                         8.8          7.0          12.4         10.4
  51--75%                                                                         12.9         16.9         17.1         21.4
  76--100%                                                                        13.5         16.9         20.6         18.5
  Great disability \>150%                                                         0            0            0            1.2
  ------------------------------------------------------------------------------- ------------ ------------ ------------ ------------

\*At inclusion, SD: standard deviation

Clinical and follow up results {#sec015}
------------------------------

More than 95% of participants were classified as HY stage I, II or III (mild or moderate disease). Forty-nine percent (n = 85) of patients remained in the same disease stage during the four years of study, while 34% (n = 59) progressed one stage, 6% (n = 10) two stages and only 1% (n = 1) advanced three stages between year 1 and 4 ([Fig 1](#pone.0145310.g001){ref-type="fig"}).

![Patients distribution by disease severity according to clustered Hoehn and Yahr staging.](pone.0145310.g001){#pone.0145310.g001}

SCOPA-Motor results evidenced a moderate change between the first \[mean (SD) year 1: 39.3 (8.4)\] and the last evaluation \[mean (SD) year 4: 42.5 (9.5)\]. Similar findings emerged with the SCOPA-COG result \[mean (SD) year 1: 24.9 (6.2)\]; year 4: 24.1 (7.4)\] and SCOPA-AUT \[mean (SD) year 1: 20.3 (11.3); year 4: 22.0 (10.1)\]. SCOPA-PS results demonstrated a mild increment of the disease impact on patients' psychosocial adjustment over time \[mean (SD) year 1: 6.9 (5.7); year 4: 8.2 (5.8)\].

PPRS scores \[mean (SD) year 1: 1.0 (1.3); year 4: 1.2 (1.5)\] indicates that most participants did not evidenced psychiatric complication, such as hallucinations or confusion throughout the four years of study. In regards to HADS, study subjects presented scores above 7 in the anxiety dimension \[mean (SD) year 1: 7.3 (4.1); year 4: 7.1 (4.3)\] but not in the depression one \[mean (SD) year 1: 5.4 (3.5); year 4: 5.9 (3.9)\]. According to the SCOPA-Sleep scores, participants did not present alterations in neither daytime \[mean (SD) year 1: 3.8 (3.2); year 4: 3.8 (3.0)\] nor nocturnal sleep \[mean (SD) year 1: 4: 5.5 (4.0); year 4: 4.8 (3.5)\] and these results did not vary during the time of study. Pain \[mean (SD) year 1: 19.2 (21.4); year 4: 22.9 (23.7)\] and fatigue \[mean (SD) year 1: 25.3 (27.9); year 4: 33.7 (29.4)\] levels increased slightly.

EQ-5D questionnaire results showed that participants had an acceptable HRQOL (EQ-5D index), which remained stable during the study period \[mean (SD) year 1: 0.7 (0.3); year 4: 0.6 (0.3)\]. On the other hand, EQ-VAS showed a mild reduction of HRQoL as time went by \[mean (SD) year 1: 63.7 (20.3); year 4: 60.3 (17.9)\].

Costs of Parkinson disease {#sec016}
--------------------------

As presented in [Table 2](#pone.0145310.t002){ref-type="table"}, the mean total costs of PD increased 92.5% from a mean of €2,082.17 (SD: €2,889.86, n = 174) in year 1 to €4,008.6 (SD: €7,757.35, n = 174) in year 4. Mean direct costs increased 52% from €1,330.51 (SD: €2,229.77, n = 174) in year 1 to €2,022.90 (SD: €4,582.78, n = 166) in year 4. Mean direct medical costs per patient rose 52.7% over time, from €998.38 (SD: €1,476.15, n = 174) at year 1 to €1,525.00 (SD: 4,321.92, n = 166) in year 4. Pharmacological costs per patient increased 81.6% over time, from €284.39 (SD: 241.87, n = 174) at year 1 to €516.48 (SD: 458.92, n = 174) at year 4. Mean direct non-medical costs, including alternative care and home assistance among others, also showed an increase of 161.38% from €1,090.40 (SD: €2,781.15, n = 53) in the first year up to €2,850.10 (SD: €2,839.70, n = 29) in the fourth year. In regards of indirect costs, less than 53% of patients had registered data in the case report form (CRF). The mean indirect cost, comprehending productivity loss and informal care, heightened 128.45% from €1,720.90 (SD: €2,176.90, n = 76) in the first year to €3,931.40 (SD: €8,372.62, n = 92) in the fourth year.

10.1371/journal.pone.0145310.t002

###### Description of Parkinson's disease costs during the four years of study.
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                       Year 1         Year 2         Year 3                 Year 4                                                                                                                                                                                       
  -------------------- -------------- -------------- ---------------------- --------- -------------- -------------- ---------------------- --------- -------------- -------------- ---------------------- --------- -------------- -------------- ---------------------- ---------
  **Direct costs**     **1,330.51**   **2,229.77**   **16.65--20,948.08**   **174**   **1,088.20**   **1,966.87**   **2.03--22,298.30**    **174**   **1,819.49**   **3,008.92**   **25.2--22,620.09**    **174**   **2,022.90**   **4,582.78**   **25.37--51,180.60**   **166**
  Medical              998.38         1,476.15       8.10--10,442.78        174       763.66         729.10         2.03--6,461.14         174       914.34         1,027.60       12.15--9,261.79        174       1,525.00       4,321.92       25.37--51,180.60       166
  Pharmacological      284.39         241.87         0.00--1220.07          174       393.76         355.21         0.00--3132.94          174       466.00         347.89         5.40--1602.88          174       516.48         458.92         0.00--3807.27          174
  Non-medical          1,090.40       2,781.15       6.00--19,857.60        53        1,660.88       3,853.10       6.30--22,063.80        34        4,144.66       4,715.82       15.00--20,157.66       38        2,850.10       2,839.70       20.00--8,903.56        29
  **Indirect costs**   **1,720.90**   **2,176.90**   **21.38--12,830.48**   **76**    **1,865.30**   **4,916.66**   **21.38--44,812.88**   **85**    **2,062.48**   **4,947.42**   **21.38--44,775.36**   **93**    **3,931.40**   **8,372.62**   **37.52--55,680.62**   **92**
  **Total Costs**      **2,082.17**   **2,889.86**   **16.65--20,948.08**   **174**   **1,999.41**   **4,199.18**   **2.03--46,631.75**    **174**   **2,921.85**   **5,998.40**   **25.20--67,395.45**   **174**   **4,008.60**   **7,757.35**   **37.52--56,730.81**   **174**

SD: standard deviation

When analyzing PD costs variation by disease severity over the 4 years of study, mean total, direct and indirect costs were always higher at year 4 for the mild and moderate groups ([Fig 2](#pone.0145310.g002){ref-type="fig"}). Total costs, direct costs and indirect cost were 45.96%, 35.63% and 69.69% higher in mild disease, respectively, whereas there was an increment of 166.52% for total costs, 55.68% for direct cost and 347.85% for indirect cost in moderate PD population. In severe patients, cost remained almost the same during the study period. All costs are presented in [Table 3](#pone.0145310.t003){ref-type="table"}.

![Total costs due to disease progression---disease severity according to clustered Hoehn and Yahr staging.](pone.0145310.g002){#pone.0145310.g002}

10.1371/journal.pone.0145310.t003

###### Description of Parkinson's disease costs during the four years of study by disease severity.
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                  Year 1         Year 2         Year 3         Year 4                                                                                                                  
  --------------- -------------- -------------- -------------- -------------- -------------- -------------- -------------- -------------- -------------- -------------- -------------- --------------
  **HY I-II**                                                                                                                                                                          
    **N**         131            52             131            125            49             125            122            53             122            108            43             110
    **Mean**      **1,089.29**   **1,659.78**   **1,748.14**   **773.24**     **1,291.21**   **1,279.39**   **1,337.09**   **1,395.22**   **1,943.21**   **1,477.43**   **2,816.47**   **2,551.55**
    **SD**        1,614.17       2,000.76       2,411.94       903.71         1,562.13       1,569.83       1,817.52       1,950.19       2,448.41       2,309.24       3,004.36       3,395.28
    **Minimum**   16.65          21.38          16.65          2.03           21.38          2.03           25.20          21.38          25.20          30.60          37.52          37.52
    **Maximum**   10,442.78      10,777.20      13,716.06      6,540.90       9,328.20       9,665.63       10,774.41      12,932.64      14,397.49      18,198.36      16,662.21      20,680.56
  **HY III**                                                                                                                                                                           
    **N**         34             16             34             40             27             40             42             30             42             49             35             50
    **Mean**      **2,017.71**   **1,222.59**   **2,593.05**   **1,949.78**   **1,416.39**   **2,905.84**   **2,920.56**   **3,079.85**   **5,120.45**   **3,141.10**   **5,475.38**   **6,911.04**
    **SD**        3,622.67       1,153.44       3,671.23       3,650.10       1,252.08       4,050.30       4,926.04       8,067.23       10,870.59      7,599.18       12,611.05      12,698.30
    **Minimum**   179.94         37.50          179.94         36.00          37.52          52.20          76.50          37.52          114.02         25.37          37.52          37.52
    **Maximum**   20,948.08      3,570.70       20,948.08      22,298.34      4,092.24       24,233.23      22,620.09      44,775.36      67,395.45      51,180.60      55,680.62      56,730.81
  **HY IV-V**                                                                                                                                                                          
    **N**         7              7              7              8              8              8              7              7              7              7              12             12
    **Mean**      **2,656.27**   **3,281.81**   **5,938.09**   **1,616.21**   **6,881.98**   **8,498.18**   **2,342.99**   **2,977.15**   **5,320.14**   **2,682.55**   **3,745.42**   **5,310.24**
    **SD**        2,929.58       4,282.39       4,325.54       716.79         15,351.78      15,429.76      1,899.33       4,120.90       5,849.04       2,076.70       6,328.80       7,176.07
    **Minimum**   489.78         75.04          1,476.00       559.71         37.52          2,120.19       698.91         37.52          2,064.79       315.00         37.52          37.52
    **Maximum**   8,369.29       12,830.48      13,397.97      2,450.50       44,812.88      46,631.75      6,402.87       12,083.92      18,486.79      6,673.52       19,879.60      21,545.95

HY: Hoehn and Yahr; SD: standard deviation

Mean total costs for PD were 48.33% and 239.68% higher than mild PD for moderate and severe disease during year 1 and 170.86% and 108.12% higher for moderate and severe disease during year 4, respectively. For the first year mean total cost for mild disease was €1,748.14 (SD: €2,411.94, n = 131), €2,593.05 (SD: €3,671.23, n = 34) for moderate and €5,938.09 (SD: €4,325.54, n = 7) for severe PD. During year 4, mean total cost for PD was €2,551.55 (SD: €3,395.28, n = 110) for mild, €6,911.04 (SD: 12,698.30, n = 50) for moderate and €5,310.24 (SD: €7,176.07, n = 12) for severe PD.

Mean direct costs for PD were 85.23% and 143.85% higher for moderate and severe disease during year 1 and 112.61% and 81.57% higher for moderate and severe disease during year 4, respectively, compared to mild PD. For the first year, mean direct cost for mild disease was €1,089.29 (SD: €1,614.17, n = 131), €2,017.71 (SD: €3,622.67, n = 34) for moderate and €2,656.27 (SD: €2,929.58, n = 7) for severe disease. During year 4, mean direct cost for PD was €1,477.43 (SD: €2,309.24, n = 108) for mild, €3,141.10 (SD: €7,599.18, n = 49) for moderate and €2,682.55 (SD: €2,076.70, n = 7) for severe PD.

Compared to mild disease, mean indirect cost for PD were 26.34% lower and 97.73% higher for moderate and severe disease during year 1 and 94.41% and 32.98% higher for severe disease during year 4, respectively. For the first year, mean indirect cost for mild disease was €1,659.78 (SD: €2,411.94, n = 52), €1,222.59 (SD: €1,153.44, n = 16) for moderate and €3,281.81 (SD: €4,282.39, n = 7) for severe disease. During year 4, mean indirect cost for PD was €2,816.47 (SD: €3,004.36, n = 43) for mild, €5,475.38 (SD: €12,611.05, n = 35) for moderate and €3,745.42 (SD: €6,328.80, n = 12) for severe disease.

When disease motor symptoms, non-motor symptoms and HRQoL were modeled against total costs, results showed that for each point increment in the SCOPA-Motor scale total costs augmented €75.72 per patient(p = 0.0174) ([Table 4](#pone.0145310.t004){ref-type="table"}). The same analysis with direct costs demonstrated that for each additional point in the SCOPA-Motor and the SCOPA-COG scale, direct costs incremented in €49.21 (p = 0.0094) and €44.81 per patient (p = 0.0404), respectively. However, higher scores in HADS-D scale associated with savings of €133.24 per patient (p = 0.079). When the model included indirect costs, pain was the only symptom that influenced it, being that for each additional point on the pain VAS scale, indirect costs heightened €16.31 per patient (p = 0.0228).

10.1371/journal.pone.0145310.t004

###### Linear mixed model of cost based on symptoms and HRQoL.

![](pone.0145310.t004){#pone.0145310.t004g}

  ------------------------------------------------------------------- --------------------------- -------------
  **Linear mixed model of total cost based on symptoms and HRQoL**                                
  **Response variable: Total cost**                                   **Estimated Coefficient**   **p-value**
  Constant                                                            -416.0789                   0.7844
  SCOPA Motor                                                         75.7167                     0.0174
  **Linear mixed model of direct cost based on symptoms and HRQoL**                               
  **Response variable: Direct cost**                                  **Estimated Coefficient**   **p-value**
  Constant                                                            341.3715                    0.7029
  SCOPA Motor                                                         49.21                       0.0094
  HADS D                                                              -133.2406                   0.0079
  SCOPA COG                                                           44.8088                     0.0404
  **Linear mixed model of indirect cost based symptoms and HRQoL**                                
  **Response variable: Indirect cost**                                **Estimated Coefficient**   **p-value**
  Constant                                                            -517.7612                   0.6038
  Pain                                                                16.3129                     0.0228
  ------------------------------------------------------------------- --------------------------- -------------

SCOPA Motor: Scales for outcomes in Parkinson disease---Motor; HADS A: Hospital anxiety and depression scale---anxiety; HADS D: Hospital anxiety and depression scale---depression; PPRS: Parkinson's psychiatric rating scale; SCOPA PS: Scales of outcomes in Parkinson's disease---Psychosocial; SCOPA Sleep: Scales for outcomes in Parkinson's disease---Sleep; SCOPA AUT: Scales of outcomes in Parkinson's disease---Autonomic; SCOPA COG: Scales of outcomes in Parkinson's disease---Cognitive; EQ-VAS: EuroQoL Visual analogue scale.

Discussion {#sec017}
==========

This study provides the first opportunity for the longitudinal examination of the clinical and socioeconomic impact of Parkinson in the Spanish population. There are three main aspects derived from this analysis: the study population was a well-controlled one with a moderate disease that had minimal change over the study period, associated costs markedly increased over time and motor symptoms, cognitive dysfunction and pain had a direct impact on disease expenditure.

Albeit the inclusion criteria used for the selection of the sample in the ELEP study, in which sociodemographic and clinical variables were considered in order to avoid typical biases (inclusion based on severity levels according to HY criteria, which provides asymmetrical samples with overrepresentation of HYII and HYIII and practical absence of HYV), in this study the majority of the sample had PD HYI-III. These results concurred with the epidemiology data of Parkinson in Spain, which states that more than 60% of Parkinson patients are HY I-II and around 25%, HY IV-V \[[@pone.0145310.ref010]\]. In addition, patient's condition remained stable during the study period. Most patients presented intermediate scores in the symptoms assessments with mild variations over time. Moderate scores were also consistently observed for HRQoL evaluation. These can be explained because specialists who were experts in managing PD and controlling the disease over time followed the included subjects.

Results in the present publication demonstrates that PD total cost per patient in Spain increased over time, from €2,082.17 per trimester in year 1 to €4,008.60 per trimester in year 4. These results are in line with previous publications. Garcia Ramos et al. (2013) \[[@pone.0145310.ref010]\] reviewed all published data regarding PD costs in Spain and reported total costs of €8,640 per semester, being direct costs the biggest contributor to this amount reaching €6,030, while Von Campenhausen et al. (2011) \[[@pone.0145310.ref023]\], demonstrated that PD total costs of per semester, from the societal perspective, were lower in Eastern European countries (Russia: €2,620, Czech Republic: €5,510) as compared with most Western European countries (Austria: €9,820, Germany: € 8,610, Italy: €8,340). Moreover, Schenkman et al. (2001) \[[@pone.0145310.ref024]\] affirmed that costs augmented mainly because of the temporal progression of the disease.

Data presented in this publication also reveals that disease progression is a key driver on disease costs, being that total, direct and indirect cost increases as HY states do. This finding has also been described by other authors. Cubo et al. (2009) \[[@pone.0145310.ref025]\] in their cross sectional pilot study in Spain during 2004 reported that direct cost were significantly higher in patients with severe disease (p\<0.001) and longer disease duration (p\<0.01). Findley (2007) \[[@pone.0145310.ref026]\] in their review of the economic impact of PD in UK also stated that disease severity was the single most important cost driver. Their data showed that patients diagnosed with severe Parkinson (HY V) incurred in costs that were up to six times higher than patients with mild disease (HY I) (€3 583,08 vs. €22176.46). Lastly, Keränen et al. (2003) \[[@pone.0145310.ref011]\] in their observational study with Finnish Parkinson patients, concluded that there was an association between disease severity and annual costs, showing that the proportion of indirect costs increased as the disease progressed, accounting for as much as half of the total costs in severe (HY IV) stages.

Regarding PD symptoms, the presented analysis demonstrates that motor symptoms significantly affected PD total and direct costs. Considering that resting tremor, bradykinesia, rigidity and postural instability are the main motor complications of PD and have a prevalence of up to 90% \[[@pone.0145310.ref027]\], this finding results paramount. Concurring with this statement, Reese et al. (2011) \[[@pone.0145310.ref028]\] in their study with PD patients assessed the clinical condition, disease severity and related it to total costs, reporting that motor fluctuations were the main total costs predictor, being total cost for patients with motor fluctuations 113.8% higher than patients without motor fluctuations. In the same line, Cubo et al. (2009) \[[@pone.0145310.ref025]\] in their study relating motor and non-motor symptoms with direct costs, also made a significant correlation between motor symptoms measured by SCOPA-Motor and direct costs.

In addition to the later, this publication also shows that cognitive impairment is another significant predictor of direct costs. In agreement with this, Vossius et al. (2011) \[[@pone.0145310.ref029]\] performed a standard regression analysis to evaluate the effect of dementia on direct costs per year of survival (YOS) in Norwegian PD patients, indicating that direct costs of patients with dementia were 3.3 times higher than those without dementia per YOS in 1997. In addition, institutional care was the largest cost factor, representing 67% of direct costs, cognitive function predicted direct costs in 29.4% and cognitive decline was associated with increased costs, even in non-demented patients.

In this study depression resulted inversely related to PD direct costs, being that patients with depression had fewer expenses. This finding was consistent with other published article that demonstrated that PD patients with depression expend less in treatments decreasing pharmacological costs \[[@pone.0145310.ref030]\]. In line with this statement, Richy et al. (2013) \[[@pone.0145310.ref031]\] in their analysis of compliance with pharmacotherapy and direct costs in subjects with PD demonstrated that depressed patients were at increase odds to be non-compliant compared to patients without this diagnose (p\<0.0001). Non-compliant patients expended 38.8% less in pharmacologic treatments than compliant ones. Despite the later, this data should be carefully considered since it only considers pharmaceutical cost disregarding the use of resources that can derive from it. More studies should be performed on this subject.

The main goal of treatment guidelines for motor and non-motor symptoms are to preserve functional independence and HRQoL. Achievement of these objectives can reduce the need for healthcare resources utilization and decrease associated costs. Treatment should be directed at providing symptomatic relief for motor and non-motor symptoms with special interest in cognitive impairment and pain, while minimizing undue adverse effects \[[@pone.0145310.ref032]\].

Finally, another important finding provided by this study is that pain is associated with an increment in indirect costs. One can argue that PD has not been clearly related with pain, however it is present in around 40% of PD patients \[[@pone.0145310.ref033]\]. Moreover, chronic pain also markedly decrease HRQoL and health status of PD patients \[[@pone.0145310.ref034]\] and can relate with depression (OR = 2.88, 95%CI: 1.87--4.44) \[[@pone.0145310.ref035]\]. The relation of pain and indirect cost increments has been previously denoted across Europe. Almost one in five patients with chronic pain reported having lost their jobs because of their pain and one third reported that the hours they worked or whether they worked at all, were affected by their pain, which is associated with an enormous indirect cost that can represent 3--10% of the gross domestic product. Among the types of pain, neuropathies appeared among the most costly ones. Productivity loses, absenteeism and early retirement and disability retirement contributed substantially to these costs, and could be reduced by investing in effective therapeutic interventions \[[@pone.0145310.ref034]\]. The clinical approach for the vast majority of PD related pain is the optimization of levodopa treatment \[[@pone.0145310.ref036]\].

This study has limitations due to the population included. The majority of patients had mild to moderate PD, which remained stable over time hindering the evaluation of severe disease groups, who are probably the ones who need more resources and are most costly to the system. Moreover, unlike Schenkman et al. (2001) study \[[@pone.0145310.ref024]\], which was created with the objective of assessing economic impact of PD over 3 years, the ELEP study was not designed for costs estimations; therefore, cost information was only registered over a three-month period assuming patients used the same resources over that time. Finally, considering that only descriptive analysis were carried out, further research including clinical sample differences should be conducted.

Conclusions {#sec018}
===========

PD causes an important economic impact for the Spanish National Health System. Considering that the presented results included patients with mild to moderate disease, it can be suggested that severely ill patients would represent a bigger economic burden for the system.

Total costs increased with the progression and the severity of the disease, being motor symptoms, cognitive impairment and pain main predictors of costs. Therapeutic measures aimed at slowing disease progression and controlling of motor and cognitive symptoms, as well as pain, could help to contain disease expenditures, although further global analysis is required in order to obtain more definitive conclusions.
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###### Dataset used for the analysis.

(CSV)
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Click here for additional data file.

Members of the Longitudinal Parkinson\'s Disease Patient Study (Estudio Longitudinal de Pacientes con Enfermedad de Parkinson)---ELEP Group are: M. Aguilar and P. Quilez-Ferrer (Mutua de Terrassa, Barcelona); M. Alvarez Sauco (Elche General Hospital, Alicante); A. Bayes (Teknon Clinic, Barcelona); M. Blazquez (Asturias Central Hospital, Oviedo); A. Bergareche (Bidasoa Hospital, Guipuzcoa); V. Campos (Xanit International Hospital, Benalmadena, Malaga); M. Carballo (Virgen del Rocío Hospital, Sevilla); M.J. Catalan (San Carlos Hospital, Madrid); J. Chacon (Virgen de la Macarena Hospital, Sevilla); E. Cubo (Burgos Hospital); J.M. Fernandez-Garcia (Basurto Hospital, Bilbao); P. Garcia-Ruiz-Espiga (Jimenez-Diaz Foundation Hospital, Madrid); J. Kulisevsky (Sant Pau Hospital, CIBERNED, Barcelona); G. Linazasoro (Gipuzkoa Polyclinic, San Sebastian); J. Lopez del Val (Lozano Blesa Hospital, Zaragoza); J.C. Martinez-Castrillo (Ramón y Cajal Hospital, Madrid); A. Mendoza (Segovia Hospital); P. Mir (Virgen del Rocio Hospital, CIBERNED, Sevilla); I. Posada (Doce de Octubre Hospital, CIBERNED, Madrid); F. Valldeoriola (Clinical Hospital, CIBERNED, Barcelona); L. Vela (Alcorcon Hospital Foundation, Madrid); F. Vivancos and I. Ybot (La Paz Hospital, Madrid); MJ. Forjaz and C. Rodriguez-Blazquez (Carlos III Institute of Health, CIBERNED, Madrid); and P. Martinez-Martin and B. Frades-Payo (CIEN Foundation, Carlos III Institute of Health, CIBERNED, Madrid). The lead author for this group is Pablo Martinez-Martín (<pmartinez@isciii.es>).

[^1]: **Competing Interests:**The authors have declared that no competing interests exist. Abbvie Pharmaceuticals has solely funded the publication of this study; however, the funder had no role in study design, data collection and analysis, decision to publish, or preparation of the manuscript. This does not alter the authors\' adherence to PLOS ONE policies on sharing data and materials.

[^2]: Conceived and designed the experiments: LL SP PMM. Performed the experiments: PMM CRB MJF BFP EC JPC. Analyzed the data: PMM CRB MJF BFP EC JPC LL SP. Wrote the paper: PMM CRB MJF BFP EC JPC LL SP.

[^3]: ¶ Membership of the ELEP Group is listed in the Acknowledgments.
